Cubic shaped YBO 3 :Tb 3+ green phosphor was synthesized by precipitation from homogeneous solution. Prepared precipitates were identified as Y[B(OH) 4 ](CO 3 ) by X-ray diffraction, and cubic shaped particles of about 2¯m were observed by a scanning electron microscope. By heating at 800°C, the cubic shape of the particles was kept and YBO 3 was obtained. Tb-doped YBO 3 samples which were controlled as cubic shaped particles showed bright green emission by UV excitation.
Introduction
The phosphors excited by vacuum ultraviolet radiation are mainly employed as a phosphor for plasma display panels (PDPs). Three color phosphors of red, green and blue (RGB) which are excited by vacuum ultraviolet rays in the wavelength of 147 and 172 nm generated by xenon discharge and displays colored images. Zn 2 SiO 4 :Mn 2+ is mainly used as a green phosphor. This green emission, based on excitation ( 4 T 1 ¼ 6 A 1 ) of the electron of the d orbitals of Mn 2+ , and poor response to speed due to the long afterglow has been regarded as a problem although its brightness is high. 1),2) On the other hand, YBO 3 has been attracting attention as a host material with a high absorption rate of vacuum ultraviolet rays. Tb 3+ doped YBO 3 is a promising candidate for the green phosphor of PDP showing strong green emission based on vacuum ultraviolet excitation. 3), 4) Since high pixelization of PDP is in progress, not only the luminescence characteristics such as internal quantum efficiency, emission and excitation wavelengths, but the characteristics as a powder (particle form, size, size distribution, dispersibility) are also important. Although the mainstream synthesis method of commercial phosphors is the solid-state reaction that fits mass production, phosphor synthesis is being performed in various ways in recent years for the improvement of its characteristics as a powder. YBO 3 :Tb 3+ has been synthesized by various synthetic methods using coprecipitation, 5) hydrothermal method, 6)8) sol gel, 9) spray pyrolysis, 10) emulsion method, 11) etc.
Precipitation from homogeneous solution is a method capable of making the concentration slope in the solution extremelly small by forming precipitants generated via chemical reactions in solutions. Therefore it is an excellent synthesis method for the morphology control of metal oxides, hydroxides, borates, phosphates, carbonates, etc. 12)16) This paper reports the synthesis of uniform cubic shaped YBO 3 :Tb 3+ green phosphor by the precipitation from homogeneous solution method using urea as a precipiting agent.
Experimental
1.510 mmol of Y(NO 3 ) 3 ·6H 2 O was dissolved in 100 ml of distilled water, and H 3 BO 3 was added and adjusted to the molar ratio of Y:B = 1:110. Then 27347.5 mmol of urea (the precipitating agent) was added and dissolved. The amount of used urea was 4.5 times the total molar amount of Y(NO 3 ) 3 ·6H 2 O and H 3 BO 3 . The solutions were heat-treated at 100°C for 2 h with continuous stirring in order to proceed the precipitation reaction by hydrolysis of urea. The formed precipitates were separated by centrifugation and washed with water. After dring for 1 day at 60°C, the dried samples were heat-treated at 600 to 1200°C for 5 h. Tb-doped samples were synthesized by the same processes. Tb 4 O 7 was disolved in large excess amount of nitric acid and the solution was evaporated to dryness a few times to remove excess nitric acid. Distilled water was added and the Tb-solution was used as a Tb source. Tb-doped samples that have chemical composition of (Y 1¹x Tb x )BO 3 (x = 0.010.25) were synthesized. Samples were characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), X-ray fluorescence analysis (XRF) and spectrofluorometer. (1), (2) . A part of CO 2 volatilized from the solution and the remained CO 2 forms CO 3 2¹ [reaction (3)]. And it is presumed that the precipitation reaction of the formula (5) advances via the protonation reaction [reaction (4)]. and an amorphous phase that does not contain boron. This amourphous phase seems to be the small spherical particles observed in Fig. 2(A) . On the other hand, the XRD patterns of the heat-treated samples of Y:B = 1:3, and 1:10 were identified as a single phase of YBO 3 . SEM images of these three samples were shown in Fig. 4 . Cubic shaped particles were observed in the samples of Y:B = 1:1 and 1:3, and spherical shaped particles were observed in the sample of Y:B = 1:10. Therefore, the particle shapes were maintained even after calcination at 800°C.
Results and discussion
Uniform particles in size and shape were obtained in the molar ratio of Y:B = 1:3 as seen in Fig. 4(B) , then an optimum con-centration of Y to obtain the cubic particles were examined. Figure 5 shows SEM images of the samples prepared in different Y concentrations (ratio of Y:B was fixed as 1:3). In lower concentration of Y [ Fig. 5(A) ], relatively smaller particles were observed, and the size and shape were not uniform. In the higher concentration of Y [Figs. 5(C) and 5(D)], particle sizes were large and slight unevenness on the surface were observed. The sample prepared using 5 mmol of Y(NO 3 ) 3 shown in Fig. 5(B) was the most uniformed cubic shape and size, then the optimum amount of Y and the ratio of Y:B is 5 mmol 1:3 was determined respectively. This sample was heat-treated at 800, 1000 and 1200°C and observed by SEM (Fig. 6) . The cubic morphology was maintained at 800°C. The morphology partially changed at 1000°C, and at 1200°C the cubic morphology was almost lost. Figure 7 shows photoluminescence spectrum (excitation wavelength is 239 nm) of the prepared sample under the conditions of Y = 4 mmol, Tb = 1 mmol, (Y + Tb):B = 1:3, (calcination conditions: 800°C, 5 h). The sample showed bright green emission by UV excitation and three characteristic peaks were observed. The peak of 491 nm corresponds to the reported transition of 5 D 4 to 7 F 6 of Tb 3+ , peak 544 nm corresponds to 5 D 4 to 7 F 5 of Tb 3+ , peak of 584 nm corresponds to 5 D 4 to 7 F 4 of Tb 3+ respectively. All the emission peaks were identified as the transition in Tb 3+ ion. Figure 8 shows the dependence of photoluminescence intensity on the concentration of Tb 3+ . Concentration of Tb was confirmed by XRF, and the resulting atomic ratio of Tb:Y in the calcined samples were consistent with that of the used ratio of Tb:Y. Althought the maximum intensity was 20 atm% of Tb 3+ , the intensity were almost saturated in more than 10% of Tb 3+ . The relationship between calcination temperature and lumines-cence intensity (excitation wavelength was 239 nm) is shown in Fig. 9 . The calcination temperature did not significantly affect the emission intensity and all samples showed strong emission intensity including the sample heat-treated at 800°C.
Conclusions
We have succeeded in the synthesis of YBO 3 in uniform cubic shape and size using the precipitation from homogeneous solution. By doping Tb 3+ to the site of Y 3+ characteristic green emission was observed by UV excitation. The optimum doping amount of Tb 3+ was 20%. By calcination at 800°C, the cubic shape was maintained and the samples showed very bright green emission by UV excitation. Precipitation from homogeneous solution is one of superior solution processing for particle morphology control such as size, size distribution, and shape. This precipitation method and phosphors synthesized by the method have potential to be applied on a new high-resolution display panels. 
